Cytotoxic effect of thiacarbocyanine dyes on human colon carcinoma cells and inhibition of bovine heart mitochondrial NADH-ubiquinone reductase activity via a rotenone-type mechanism by two of the dyes.
Five lipophilic-cationic thiacarbocyanine compounds differing in the side chains (methyl-S13, ethyl-S23, propyl-S33, butyl-S43, and pentyl-S53) and a related thiadicarbocyanine compound with ethyl side chains (S25) exhibited a selective cytotoxic effect on human colon carcinoma cells compared to green monkey kidney epithelial cells. The inhibitory concentration for 50% inhibition of growth (IC50) for the carcinoma cells ranged from 13 nM for S13 and S23 to 160 nM for S25. The carcinoma cells were 4- to 100-fold more sensitive than the normal cells. Two of the five compounds, S13 and S23, selectively inhibited NADH oxidase activity with bovine heart submitochondrial particles (SMP). There was no discernable inhibitory effect by the other three thiacarbocyanine compounds on electron transport chain activity. The primary site of inhibition within the respiratory chain for S13 and S23 appeared to be the NADH to coenzyme Q portion of the mitochondrial electron transport chain. Artificial electron acceptors for this segment of respiratory chain were used to localize the inhibitory site. Using SMP, both S13 and S23 inhibited reduction of menadione, duroquinone, and coenzyme Q. Using purified complex I (NADH-ubiquinone reductase) (EC 1.6.99.3), S13 slightly inhibited reduction of juglone, duroquinone, and coenzyme Q, whereas S23 had no effect on any of the substrates. When rotenone-saturated SMP were used, the inhibitory effects of S13, but not S23, on the reduction of menadione were abolished, as was the inhibitory effect of S13 on coenzyme Q reduction when rotenone-insensitive complex I was used as the source of the enzyme. These results suggest that (1) S13 and S23 inhibition of NADH-ubiquinone reductase activity is enhanced by the membrane environment of the enzyme, and (2) the inhibition appears to be in part akin to the inhibiting mode of rotenone.